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Description

Background of the Invention

1. Technical Field

[0001] Thisinventionrelates generally to an apparatus
for separating valuable material from unwanted material
in a mixture, such as a pulp slurry. A method involving
the use of the apparatus is also described.

2. Description of Related Art

[0002] In many industrial processes, flotation is used
to separate valuable or desired material from unwanted
material. By way of example, in this process a mixture of
water, valuable material, unwanted material, chemicals
and air is placed into a flotation cell. The chemicals are
used to make the desired material hydrophobic and the
air is used to carry the material to the surface of the flo-
tation cell. When the hydrophobic material and the air
bubbles collide they become attached to each other. The
bubble rises to the surface carrying the desired material
with it.

[0003] The performance of the flotation cell is depend-
enton the bubble surface area flux in the collection zone
of the cell. The bubble surface area flux is dependent on
the size of the bubbles and the air injection rate. Control-
ling the bubble surface area flux has traditionally been
very difficult. This is a multivariable control problem and
there are no dependable real time feedback mechanisms
to use for control.

US 2010/0072110 A1 discloses a method and system
for recovering fluid hydrocarbons from both naturally-oc-
curring and man-made mixtures of hydrocarbons and
mineral substrates usingbuoyantbeads. The beads have
bare oleophilic surfaces.

US 4,956,077 A is concerned with froth flotation of min-
eral fines where air bubbles are used to allow the floccu-
lated particles to penetrate and attach to air bubbles. Hy-
drophobic polymeric flocculating agents are used to
render the mineral fines hydrophobic.

EP 0 164 237 A2 relates to fine coal beneficiation where
a collector such as water-dispersible polyorganosiloxane
or its mixture with aryl radicals is employed for flotation.
EP 0 562 040 A1 discloses a process for the recovery of
minerals by froth flotation wherein an aqueous slurry of
particulate minerals is subjected to froth flotation. A col-
lector is used to render the ore particles hydrophobic.
WO 2007/098115 A2 discloses a method of separating
a first material from a second material in a beneficiation
process using air bubbles and a beneficiation composi-
tion. The beneficiation composition increases the hydro-
phobicity of fine particles such as coal, plastics, sand,
phosphates and diamond ore.

WO 2009/030669 A2 relates to a process for separating
at least a first, hydrophobic material from a mix compris-
ing the first, hydrophobic material and at least a second,
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hydrophilic material. The first material is preferably at
least one hydrophobic metal compound or coal and the
at least one second material is preferably at least one
hydrophilic metal compound. A hydrophobic magnetic
particle and a magnetic field are used for separating the
first hydrophobic material from the second hydrophilic
material.

WO 2015/028701 A2 discloses a stable mixture compris-
ing surface-modified particles obtained by reacting metal
or semi-metal oxide particles with at least one compound
selected from silicon-containing compounds which carry
one, two or three alkoxy radicals. An exemplary silicon-
containing compound is nOctSi(OMe)s.

[0004] Thereisaneedintheindustryto provide abetter
way to separate valuable material from unwanted mate-
rial, e.g., including in such a flotation cell, so as to elim-
inate problems associated with using air bubbles in such
a separation process.

Summary of the Invention

[0005] The problem s solved by the apparatus claimed
inindependen claim 1. Embodiments of the invention are
claimed in the dependent claims.

[0006] The presentinvention provides new and unique
mineral separation techniques using size- or weight-
based polymer bubbles or beads. Magnetic-based poly-
mer bubbles or beads are also described, but are not
within the scope of the claimed invention. Subject-matter
of this invention is an apparatus for use in, or forming
part of, a separation process to be implemented in sep-
aration processor technology, said apparatus comprising
synthetic bubbles or beads, the separation process in-
volving the use of the synthetic bubbles or beads, where-
in:

the synthetic bubbles or beads are configured as solid
polymer bubbles or beads with a polymer or polymer-
based material functionalized to attach to a valuable ma-
terial in a mixture having water so as to form enriched
synthetic bubbles or beads having the valuable material
attached thereto, and are also configured to be separated
from the mixture based at least partly on a difference in
a physical property between the enriched synthetic bub-
bles or beads having the valuable material attached
thereto and the mixture, wherein the valuable material
comprises mineral particles, and wherein the polymer or
polymer-based material comprises a surface configured
with a hydrophobic polymer selected from a group con-
sisting of polydimethylsiloxane, polysiloxanates.

[0007] According to the presentinvention, the separa-
tion process is implemented in separation processor
technology disclosed herein which combines the synthet-
ic bubbles or beads and the mixture, and then which pro-
vides the enriched synthetic bubbles or beads having the
valuable material attached thereto that are separated
from the mixture based at least partly on the difference
in the physical property between the enriched synthetic
bubbles or beads having the valuable material attached
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thereto and the mixture.
Size-based Separation

[0008] According to some embodiments, the present
invention may be implemented using sized-based sepa-
ration, where the synthetic bubbles or beads may be con-
figured to be separated from the mixture based at least
partly on the difference between the size of the enriched
synthetic bubbles or beads having the valuable material
attached thereto in relation to the size of unwanted ma-
terial in the mixture.

[0009] According to some embodiments of the present
invention, the synthetic bubbles or beads may be config-
ured either so that the size of the synthetic bubbles or
beads is greater than a maximum ground ore particle
size in the mixture, or so that the size of the synthetic
bubbles or beads is less than a minimum ground ore
particle size in the mixture.

[0010] The synthetic bubbles or beads are configured
as solid polymer bubbles or beads.

[0011] Accordingto some embodiments (not within the
scope of the present invention) the synthetic bubbles or
beads may be configured with a core material of sand,
silica or other suitable material and also configured with
a polymer encapsulation.

[0012] According to some embodiments, the present
invention may take the form of apparatus for implement-
ing the separation process using the synthetic bubbles
or beads, where the apparatus further comprises a ver-
tical column or horizontal pipeline configured with a
screen to separate the enriched synthetic bubbles or
beads having the valuable material attached thereto from
the mixture based at least partly on the difference in size.
[0013] According to some embodiments of the present
invention, the vertical column or horizontal pipeline may
also be configured to separate the enriched synthetic
bubbles or beads having the valuable material attached
thereto from the mixture using countercurrent flows with
mixing, so as to receive in the vertical column or horizon-
tal pipeline ground ore flowing in a first direction, receive
in the vertical column or horizontal pipeline slurried syn-
thetic bubbles or beads flowing in a second direction op-
posite to the first direction, provide from the vertical col-
umn or horizontal pipeline the enriched synthetic bubbles
or beads having the valuable material attached thereto
and flowing in the second direction, and provide from the
vertical column or horizontal pipeline waste that is sep-
arated from the mixture using the screen and flowing in
the second direction.

[0014] According to some embodiments of the present
invention, the vertical column or horizontal pipeline may
also be configured to separate the enriched synthetic
bubbles or beads having the valuable material attached
thereto from the mixture using concurrent flows with mix-
ing, so as to receive in the vertical column or horizontal
pipeline the synthetic bubbles or beads in water flowing
in a first direction, receive in the vertical column or hori-
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zontal pipeline ground ore flowing in the first direction,
provide from the vertical column or horizontal pipeline
waste that is separated from the mixture using the screen
and flowing in the first direction, and also provide from
the vertical column or horizontal pipeline the enriched
synthetic bubbles or beads having the valuable material
attached thereto and flowing in the first direction.
[0015] According to some embodiments, the present
invention may take the form of apparatus for implement-
ing the separation process using the synthetic bubbles
or beads, where the apparatus further comprises a ver-
tical column or horizontal pipeline and a hydrocyclone
cyclone. The vertical column or horizontal pipeline is con-
figured to receive the synthetic bubbles or beads in water,
receive ground ore, and provide the synthetic bubbles or
beads in water and the ground ore in a process mixture.
The hydrocyclone cyclone is configured to receive the
process mixture, separate from the process mixture the
enriched synthetic bubbles or beads having the valuable
material attached thereto and unwanted material in the
form of waste ore, and provide the enriched synthetic
bubbles or beads having the valuable material attached
thereto and the waste ore, including using techniques for
separating the waste ore in the form of ore particles that
are smaller in size than the enriched synthetic bubbles
or beads having the valuable material attached thereto,
or for separating the enriched synthetic bubbles or beads
having the valuable material attached thereto that are
larger in size than the ore particles.

[0016] According to some embodiments, the present
invention may take the form of apparatus for implement-
ing the separation process using the synthetic bubbles
or beads, where the apparatus further comprises a mix-
ing vat configured to receive the synthetic bubbles or
beads and ore particles in a slurry, and to provide the
enriched synthetic bubbles or beads having the valuable
material attached thereto and waste; and either a screen
or a hydrocyclone cyclone configured to separate the en-
riched synthetic bubbles or beads having the valuable
material attached thereto and the waste.

Weight-based Separation

[0017] According to some embodiments, the present
invention may be implemented using weight-based sep-
aration, where the synthetic bubbles or beads are con-
figured to be separated from the mixture based at least
partly on the difference between the weight of the en-
riched synthetic bubbles or beads having the valuable
material attached thereto in relation to the weight of un-
wanted material in the mixture.

[0018] According to some embodiments of the present
invention, the synthetic bubbles or beads may be config-
ured so that the weight of the synthetic bubbles or beads
is greater than a maximum ground ore particle weight in
the mixture, or so that the weight of the synthetic bubbles
or beads is less than a minimum ground ore particle
weight in the mixture.
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[0019] The synthetic bubbles or beads may be config-
ured as solid polymer bubbles or beads.

[0020] Accordingto some embodiments (not within the
scope of the present invention) the synthetic bubbles or
beads are configured with a core material of magnetite,
air or other suitable material and also configured with a
polymer encapsulation.

[0021] According to some embodiments, the present
invention may take the form of apparatus for implement-
ing the separation process using the synthetic bubbles
or beads, where the apparatus further comprises a ver-
tical column or horizontal pipeline and a hydrocyclone
cyclone. The vertical column or horizontal pipeline may
be configured to receive the synthetic bubbles or beads
in water, receive ground ore, and provide the synthetic
bubbles or beads in water and the ground ore in a process
mixture. The hydrocyclone cyclone may be configured
toreceive the process mixture, separate from the process
mixture the enriched synthetic bubbles or beads having
the valuable material attached thereto and unwanted ma-
terial in the form of waste ore, and provide the enriched
synthetic bubbles or beads having the valuable material
attached thereto or the waste ore. The hydrocyclone cy-
clone may be configured to separate the enriched syn-
thetic bubbles or beads having the valuable material at-
tached thereto and the unwanted material, e.g., using
techniques based on the enriched synthetic bubbles or
beads having the valuable material attached thereto be-
ing heavier than the ore particles, or based on the waste
ore being lighter than the enriched synthetic bubbles or
beads having the valuable material attached thereto.
[0022] According to some embodiments, the present
invention may take the form of apparatus for implement-
ing the separation process using the synthetic bubbles
or beads, where the apparatus further comprises a wet
or dry mixing vat configured to receive the synthetic bub-
bles or beads and ore particles, e.g., in a slurry, and to
provide the enriched synthetic bubbles or beads having
the valuable material attached thereto and waste ore;
and either a screen configured to separate the enriched
synthetic bubbles or beads having the valuable material
attached thereto and the waste ore, including being re-
sponsive to a jig for weight-based separation; or a hydro-
cyclone cyclone configured to separate the enriched syn-
thetic bubbles or beads having the valuable material at-
tached thereto and the waste ore.

Magnetic-based Separation

[0023] Magnetic-based separation does not fall under
the scope of the claimed invention.

Separating valuable material from unwanted material
may be implemented using magnetic-based separation,
where the synthetic bubbles or beads may be configured
to be separated from the mixture based at least partly on
the difference between the para-, ferri-, ferro-magnetism
of the enriched synthetic bubbles or beads having the
valuable material attached thereto in relation to the para-,
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ferri, ferro-magnetism of unwanted material in the mix-
ture.

[0024] According to some embodiments (notfalling un-
der the scope of the presentinvention) the synthetic bub-
bles or beads may be configured so that the para-, ferri-,
ferro-magnetism of the synthetic bubbles or beads is
greater than the para-, ferri-, ferro-magnetism of the un-
wanted ground ore particle in the mixture.

[0025] According to some embodiments (notfalling un-
der the scope of the presentinvention) the synthetic bub-
bles or beads may be configured with a ferro-magnetic
or ferri-magnetic core that attract to paramagnetic sur-
faces and also configured with a polymer encapsulation.
[0026] According to some embodiments (notfalling un-
der the scope of the presentinvention) the synthetic bub-
bles or beads are configured with a para-magnetic core
that attract to magnetized surfaces and also configured
with a polymer encapsulation.

[0027] According to some embodiments, the present
invention may take the form of apparatus for implement-
ing the separation process using the synthetic bubbles
or beads, where the apparatus may comprise a column
or pipeline and a drum or belt separator. The column or
pipeline may be configured to receive the synthetic bub-
bles or beads, receive a ground ore slurry, and provide
the synthetic bubbles or beads and the ground ore slurry
in a process mixture. The drum or belt separator may be
configured to receive the process mixture, separate the
enriched synthetic bubbles or beads having the valuable
material attached thereto and the unwanted material in
the form of waste ore, and provide the enriched synthetic
bubbles or beads having the valuable material attached
thereto and the waste ore.

[0028] According to some embodiments (notfalling un-
der the scope of the present invention) the drum or belt
separator may be configured to be magnetized or have
magnetic fields extending to, or along a portion of, a sur-
face of the drum or belt separator so as to form a sepa-
rator surface to collect para-magnetic, ferro-magnetic or
ferri-magnetic synthetic bubbles or beads attracted to the
separator surface.

Density-based Separation

[0029] According to some embodiments, the present
invention may be implemented using density-based sep-
aration, where the synthetic bubbles or beads are con-
figured to be separated from the mixture based at least
partly on the difference between the density of the en-
riched synthetic bubbles or beads having the valuable
material attached thereto and the density of the mixture.

The Synthetic Beads or Bubbles Chemistry

[0030] The synthetic bubbles or beads are configured
as solid polymer bubbles or beads with a polymer or pol-
ymer-based material functionalized to attach to a valua-
ble material in a mixture having water so as to form en-
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riched synthetic bubbles or beads having the valuable
material attached thereto, and are also configured to be
separated from the mixture based at least partly on a
difference in a physical property between the enriched
synthetic bubbles or beads having the valuable material
attached thereto and the mixture, wherein the valuable
material comprises mineral particles, and wherein the
polymer or polymer-based material comprises a surface
configured with a hydrophobic polymer selected from a
group consisting of polydimethylsiloxane, polysi-
loxanates, hydroxyl-terminated polydimethylsiloxane,
fluoroalkylsilane, and silicone alkyd copolymer.
According to some embodiments of the present inven-
tion, the synthetic bead or bubble may take the form of
a solid-phase body comprising a surface in combination
with a plurality of molecules attached to the surface, the
molecules comprising a functional group selected for at-
tracting or attaching one or more mineral particles of in-
terest to the molecules.

[0031] According to some embodiments of the present
invention, the solid-phase body may be made of a syn-
thetic material comprising the molecules. By way of ex-
ample, the synthetic material may be selected from a
group consisting of polyamides (nylon), polyesters, poly-
urethanes, phenol-formaldehyde, ureaformaldehyde,
melamine-formaldehyde, polyacetal, polyethylene,
polyisobutylene, polyacrylonitrile, poly(vinyl chloride),
polystyrene, poly(methyl methacrylates), poly(vinyl ace-
tate), poly(vinylidene chloride), polyisoprene, polybuta-
diene, polyacrylates, poly(carbonate), phenolic resin and
polydimethylsiloxane.

[0032] According to some embodiments of the present
invention, the solid-phase body may include a shell pro-
viding the surface, the shell being made of a synthetic
material comprising the molecules.

[0033] According to some embodiments of the present
invention, the shell may comprise an interior part ar-
ranged to encapsulate a gaseous element such that the
synthetic bead has a density less than the aqueous mix-
ture.

[0034] According to some embodiments of the present
invention, the shell may comprise an interior part ar-
ranged to encapsulate a liquid having a chemical prop-
erty different from the aqueous mixture, in order to control
the chemistry of a process being performed in relation to
the aqueous mixture.

[0035] According to some embodiments of the present
invention, the shell may comprise an interior part ar-
ranged to encapsulate a solid-phase material different
from the synthetic material, and the solid-phase material
may be selected to control the density of the synthetic
bead relative to the density of the aqueous mixture.
[0036] Accordingto some embodiments (not withinthe
scope of the present invention) the shell may comprise
an interior part configured to encapsulate a magnetic ma-
terial.

[0037] According to some embodiments of the present
invention, the solid-phase body may comprise a core and
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a coating over the core for providing the surface, and the
coating may be made of a synthetic material and the core
is made of a core material different from the synthetic
material. Then, the core material is a polymer that is dif-
ferent from the synthetic material of the coating. The term
"polymer" in this specification is understood to mean a
large molecule made of many units of the same or similar
structure linked together.

[0038] According to some embodiments of the present
invention, the functional group may have an anionic bond
for attracting or attaching the mineral particles to the sur-
face.

[0039] According to some embodiments of the present
invention, the functional group may take the form of a
collector having a non-ionizing bond or an ionizing bond.
[0040] According to some embodiments of the present
invention, the ionizing bond may be an anionic bond or
a cationic bond. The anionic bond comprises an oxyhy-
dryl, including carboxylic, sulfates and sulfonates, and
sulfhydral bond.

[0041] According to some embodiments of the present
invention, the synthetic beads may be configured with a
size depending on the particular application, or depend-
ing on the particular size of the mineral particle of interest.
According to some embodiments of the present inven-
tion, the synthetic beads may be configured with a size
less than 100 wm for attracting or attaching to the mineral
particles, e.g., having a substantially similar size, includ-
ing in applications related to flotation cells. Alternatively,
according to some embodiments of the presentinvention,
the synthetic beads may be configured with a size in a
range of about 1mm to 10mm for attracting or attaching
to the mineral particles, including in applications related
to a tailings pond. Furthermore, according to some em-
bodiments of the present invention, the synthetic beads
may also be configured with a size of about 100 pum for
attracting or attaching to the mineral particles, e.g., hav-
ing a substantially similar size; or the synthetic beads
may be configured with a size in a range of about 100-200
wm for attracting or attaching to the mineral particles,
e.g., having a substantially similar size; or the synthetic
beads may be configured with a size about 200 um for
attracting to the mineral particles, e.g., having a substan-
tially similar size.

Hydrophobicity

[0042] According to some embodiments of the present
invention, the surface of the synthetic bubbles or beads
may be functionalized to be hydrophobic so as to provide
a bonding between the surface and a mineral particle
associated with one or more hydrophobic molecules.

[0043] Furthermore, the polymer can be naturally hy-
drophobic or functionalized to be hydrophobic. There-
fore, the terms "polymer bubbles or beads" and "synthetic
bubbles or beads" may be used interchangeably herein.
Some polymers having a long hydrocarbon chain or sil-
icon-oxygen backbone, for example, tend to be hydro-
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phobic. Hydrophobic polymers include polystyrene, po-
ly(d,I-lactide), poly(dimethylsiloxane), polypropylene,
polyacrylic, polyethylene, etc. The mineral particle of in-
terest or the valuable material associated with one or
more hydrophobic molecules is referred to as a wetted
mineral particle. When the pulp slurry contains a plurality
of collectors or collector molecules, some of the mineral
particles will become wetted mineral particles if the col-
lectors are attached to mineral particles. Xanthates can
be used in the pulp slurry as the collectors. Bubbles or
beads made from a different material than polymer are
not within the scope of the presentinvention. The bubbles
or beads can be made of glass to be coated with hydro-
phobic silicone polymerincluding polysiloxanates so that
the bubbles or beads become hydrophobic. The bubbles
or beads can be made of metal to be coated with silicone
alkyd copolymer, for example, so as to render the bubbles
or beads hydrophobic. According to the present inven-
tion, the bubbles or beads can be made of ceramic to be
coated with fluoroalkylsilane, for example, so as torender
the bubbles and hydrophobic. The bubbles or beads can
be made of hydrophobic polymers, such as polystyrene
and polypropylene to provide the desired hydrophobicity.

Combined Collector/Hydrophobic Beads/Bubbles

[0044] According to some embodiments of the present
invention, only a part of the surface of the functionalized
polymer coated member may be configured to have the
molecules attached thereto, wherein the molecules com-
prise collectors.

[0045] According to some embodiments of the present
invention, a part of the surface of the functionalized pol-
ymer coated member may be configured to have the mol-
ecules attached thereto, wherein the molecules comprise
collectors, and another part of the surface of the func-
tionalized polymer coated member may be configured to
be hydrophobic.

[0046] According to some embodiments of the present
invention, a part of the surface of the functionalized pol-
ymer coated member may be configured to be hydropho-
bic.

Brief Description of the Drawing

[0047] Referringnow tothe drawing, which are notnec-
essarily drawn to scale, the foregoing and other features
and advantages of the presentinvention will be more fully
understood from the following detailed description of il-
lustrative embodiments, taken in conjunction with the ac-
companying drawing in which like elements are num-
bered alike:

Figures 1a, 1b and 1c show respectively sized-based
beads or bubbles, weight-based polymer beads or
bubbles, and magnetic-based beads or bubbles, in-
cluding Figures 1a(1) and 1a(2) that respectively
show a size-based solid polymer bead or bubble and
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a size-based bead or bubble having a core material
(only polymer core materials being within the scope
of the present invention) and a polymer encapsula-
tion; Figures 1b(1) and 1b(2) that respectively show
a weight-based solid polymer bead or bubble and a
weight-based bead or bubble having a core material
(only polymer core materials being within the scope
of the present invention) and a polymer encapsula-
tion; and Figures 1¢c(1) and 1¢(2) that respectively
show a magnetic-based bead or bubble having a fer-
ro-, or ferri-, or para-magnetic core and a polymer
encapsulation. The embodiments of Figures 1c¢(1)
and 1c(2) are not within the scope of the present
invention.

Figure 2 is diagram of apparatus for separation of
size-based beads or bubbles using countercurrent
flows with mixing according to some embodiments
of the present invention.

Figure 3, including Figure 3a and 3b, includes dia-
grams of apparatus for separation of size-based
beads or bubbles using concurrent flows with mixing
according to some embodiments of the present in-
vention.

Figure 4 is diagram of apparatus for separation of
size-based beads or bubbles using vat mixing and
either hydrocyclone or screen separation according
to some embodiments of the present invention.
Figure 5 is diagram of apparatus for separation of
ferro-, ferri- or para-based beads or bubbles using a
drum, belt or other separator (not according to the
present invention).

Figure 6a shows a generalized synthetic bead which
can be a size-based bead or bubble or weight-based
polymer bead and bubble, according to some em-
bodiments of the present invention.

Figure 6b illustrates an enlarged portion of the syn-
thetic bead showing a molecule or molecular seg-
ment for attaching a function group to the surface of
the synthetic bead, according to some embodiments
of the present invention.

Figure 7a shows a generalized synthetic bubble or
bead having some particles attached to the surface,
according to some embodiments of the present in-
vention.

Figure 7b illustrates an enlarged portion of the syn-
thetic bead showing a wetted mineral particle at-
tached to the hydrophobic surface of the synthetic
bead, according to some embodiments of the
present invention.

Figure 7c illustrates an enlarged portion of the syn-
thetic bead showing a hydrophobic particle attached
to the hydrophobic surface of the synthetic bead, ac-
cording to some embodiments of the present inven-
tion.

Figures 8a and 8b illustrate some embodiments of
the present invention wherein the synthetic bead or
bubble have one portion functionalized to have col-
lector molecules and another portion functionalized
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to be hydrophobic, according to some embodiments
of the present invention.

Detailed Description of the invention

Figures 1a, 1b, 1c

[0048] Figures 1a and 1b show the present invention
is the form of apparatus for use in, or forming part of, a
separation process to be implemented in separation
processor technology, while Fig 1¢c shows a correspond-
ing apparatus not within the scope of the present inven-
tion, the apparatus featuring synthetic bubbles or beads
indicated by arrows 10 (Fig. 1a(1)), 20 (Fig. 1a(2)), 30
(Fig.1b(1)), 40 (Fig. 1b(2)), 50 (Fig. 1c(1)), 60 (Fig. 1c(2)),
configured with a polymer or polymer-based material 11
(Fig. 1a(1)), 21 (Fig. 1a(2)), 31 (Fig. 1b(1)), 41 (Fig.
1b(2)), 51 (Fig. 1c(1)), 61 (Fig. 1c(2)) functionalized to
attach to a valuable material 12 (Fig. 1a(1)), 22 (Fig.
1a(2)), 32 (Fig. 1b(1)), 42 (Fig. 1b(2)), 52 (Fig. 1c(1)), 62
(Fig. 1c(2)) in a mixture so as to form an enriched syn-
thetic bubbles or beads generally indicated as 15 (Fig.
1a(1)), 25 (Fig. 1a(2)), 35 (Fig. 1b(1)), 45 (Fig. 1b(2)), 55
(Fig. 1c(1)), 65 (Fig. 1c(2)) having the valuable material
12 (Fig. 1a(1)), 22 (Fig. 1a(2)), 32 (Fig. 1b(1)), 42 (Fig.
1b(2)), 52 (Fig. 1c(1)), 62 (Fig. 1¢c(2)) attached thereto,
consistent with that disclosed herein, and also configured
to be separated from the mixture based at least partly on
a difference in a physical property between the enriched
syntheticbubbles orbeads 15 (Fig. 1a(1)), 25 (Fig. 1a(2)),
35 (Fig. 1b(1)), 45 (Fig. 1b(2)), 55 (Fig. 1c(1)), 65 (Fig.
1¢(2)) having the valuable material 12 (Fig. 1a(1)), 22
(Fig. 1a(2)), 32 (Fig. 1b(1)), 42 (Fig. 1b(2)), 52 (Fig.
1¢(1)), 62 (Fig. 1c(2)) attached thereto and the mixture,
also consistent with that disclosed herein.

[0049] In Figure 1a(1), the synthetic bubble or bead 10
is a size-based solid polymer bead or bubble 11 func-
tionalized to attach to the valuable material 12 of interest
in the mixture and to be separated from the mixture based
on size. In Figure 1a(2), the synthetic bubble or bead 20
is a size-based bead or bubble 20 having a polymer core
material 21 and a polymer encapsulation 23 functional-
ized to attach to the valuable material 22 of interest in
the mixture and to be separated from the mixture based
on size. In embodiments not according to the invention,
the core material 21 may include materials such as sand,
silica or other suitable material either now known or later
developed in the future.

[0050] Polymers or polymer-based materials that may
be functionalized to attach to such a valuable material,
such as valuable material 12 (Fig. 1a(1)), 22 (Fig. 1a(2)),
32 (Fig. 1b(1)), 42 (Fig. 1b(2)), 52 (Fig. 1c(1)), 62 (Fig.
1¢(2)), of interest, such as copper gold or other mineral
are known in the art, and the scope of the invention is
not intended to be limited to any particular type or kind
thereof.

[0051] According to the presentinvention, the synthet-
ic bubbles or beads 10 or 20 in Figure 1a may be con-
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figured to be separated from the mixture based at least
partly on the difference between the size of the enriched
synthetic bubbles or beads having the valuable material
12, 22 attached thereto in relation to the size of unwanted
material in the mixture, consistent with that disclosed in
Figures 2-4. For example, the synthetic bubble or bead
10 or 20 may be configured either so that the size of the
synthetic bubbles or beads 10 or 20 is greater than a
maximum ground ore particle size in the mixture, or so
that the size of the synthetic bubbles or beads 10 or 20
is less than a minimum ground ore particle size in the
mixture.

[0052] InFigure 1b(1), the synthetic bubble or bead 30
is a weight-based solid polymer bead or bubble 31 func-
tionalized to attach to the valuable material 32 of interest
inthe mixture and to be separated from the mixture based
onweight. In Figure 1b(2), the synthetic bubbles or beads
40 is a weight-based bead or bubble 40 having a polymer
core material 41 and a polymer encapsulation 43 func-
tionalized to attach to the valuable material 42 of interest
inthe mixture and to be separated from the mixture based
on weight. In embodiments not according to the present
invention, the core material 41 may be made of materials,
e.g., such as magnetite, air or other suitable material and
also configured with a polymer encapsulation.

[0053] According to the presentinvention, the synthet-
ic bubbles or beads 30, 40 may be configured to be sep-
arated from the mixture based at least partly on the dif-
ference between the weight of the enriched synthetic
bubbles or beads having the valuable material attached
thereto in relation to the weight of unwanted material in
the mixture. For example, the synthetic bubbles or beads
30, 40 may be configured so that the weight of the syn-
thetic bubbles or beads is greater than a maximum
ground ore particle weight in the mixture, or so that the
weight of the synthetic bubbles or beads is less than a
minimum ground ore particle weight in the mixture. The
following embodiments illustrated in Figures 1c(1) and
1¢(2) are not within the scope of the present invention.
[0054] InFigure 1c(1), the synthetic bead or bubble 50
is shown as a magnetic-based bead or bubble having a
ferro- or ferri-magnetic core 51 and a polymer encapsu-
lation 53, such that the ferro-magnetic or ferri-magnetic
core 51 attracts to paramagnetic surfaces. In Figure
1¢(2), the synthetic bead or bubble is shown as a mag-
netic-based bead or bubble having a para-magnetic core
61 and a polymer encapsulation 63, such that the para-
magnetic core attracts to magnetized surfaces.

[0055] The synthetic bubbles or beads 50, 60 may be
configured to be separated from the mixture based at
least partly on the difference between the para-, ferri-,
ferro-magnetism of the enriched synthetic bubbles or
beads having the valuable material 52, 62 attached there-
to in relation to the para-, ferri-, ferro-magnetism of un-
wanted material in the mixture.
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Figures 2-4: Size-based and Weight-based Separation

[0056] As shown in Figure 2, the synthetic bubbles or
beads 10 (Fig. 1a(1)), 20 (Fig. 1a(2)) may be used in, or
form part of, a size-based separation process using coun-
tercurrent flows with mixing implemented in apparatus
such as a vertical column or horizontal pipeline generally
indicated as 100, according to some embodiments of the
present invention. In Figure 2, the vertical column or hor-
izontal pipeline 100 is configured with a screen 102 to
separate the enriched synthetic bubbles or beads 15 (Fig.
1a(1)), 25 (Fig. 1a(2)) having the valuable material 12
(Fig. 1a(1)), 22 (Fig. 1a(2)) attached thereto from the mix-
ture based at least partly on the difference in size. The
vertical column or horizontal pipeline 100 may be config-
ured to separate the enriched synthetic bubbles or beads
15 (Fig. 1a(1)), 25 (Fig. 1a(2)) having the valuable ma-
terial 12 (Fig. 1a(1)), 22 (Fig. 1a(2)) attached thereto from
the mixture using countercurrent flows with mixing, so as
to receive in the vertical column or horizontal pipeline
100 ground ore 104 flowing in a first direction A, receive
in the vertical column or horizontal pipeline 100 slurried
synthetic bubbles or beads 10 (Fig. 1a(1)), 20 (Fig. 1a(2))
flowing in a second direction B opposite to the first direc-
tion A, provide fromthe vertical column or horizontal pipe-
line 100 the enriched synthetic bubbles or beads 15 (Fig.
1a(1)), 25 (Fig. 1a(2)) having the valuable material 12
(Fig. 1a(1)), 22 (Fig. 1a(2)) attached thereto and flowing
in the second direction B, and also provide from the ver-
tical column or horizontal pipeline 100 waste 106 that is
separated from the mixture using the screen 102 and
flowing in the first direction A.

[0057] Asshownin Figure 3a, the synthetic bubbles or
beads 10 (Fig. 1a(1)), 20 (Fig. 1a(2)) may be used in, or
form part of, a size-based separation process implement-
ed in apparatus such as a vertical column or horizontal
pipeline generally indicated as 200, according to some
embodiments of the present invention. In Figure 3a, the
vertical column or horizontal pipeline 200 may be config-
ured with a screen 202 to separate the enriched synthetic
bubbles or beads 15 (Fig. 1a(1)), 25 (Fig. 1a(2)) having
the valuable material 12 (Fig. 1a(1)), 22 (Fig. 1a(2)) at-
tached thereto from the mixture using concurrent flows
with mixing, so as to receive in the vertical column or
horizontal pipeline 200 the synthetic bubbles or beads
10 (Fig. 1a(1)), 20 (Fig. 1a(2)) in water flowing in a first
direction A, receive in the vertical column or horizontal
pipeline 200 ground ore 204 flowing in the first direction
A, provide from the vertical column or horizontal pipeline
200 waste 206 that is separated from the mixture using
the screen 202 and flowing in the first direction A, and
also provide from the vertical column or horizontal pipe-
line 200 the enriched synthetic bubbles or beads 15 (Fig.
1a(1)), 25 (Fig. 1a(2)) having the valuable material 12
(Fig. 1a(1)), 22 (Fig. 1a(2)) attached thereto and flowing
in the first direction A, according to some embodiments
of the present invention.

[0058] Asshownin Figure 3b, the synthetic bubbles or

10

15

20

25

30

35

40

45

50

55

beads 10 (Fig. 1a(1)), 20 (Fig. 1a(2)) may be used in, or
form part of, a size-based separation process implement-
ed in apparatus generally indicated as 300 having a ver-
tical column or horizontal pipeline 302 in combination with
a hydrocyclone cyclone 304, according to some embod-
iments of the present invention. In Figure 3b, the vertical
column or horizontal pipeline 302 may be configured to
receive the synthetic bubbles or beads 10 (Fig. 1a(1)),
20 (Fig. 1a(2)) in water, receive ground ore 306, and pro-
vide the synthetic bubbles or beads in water and the
ground ore in a process mixture. The hydrocyclone cy-
clone 304 is configured to receive the process mixture,
separate from the process mixture the enriched synthetic
bubbles or beads 15 (Fig. 1a(1)), 25 (Fig. 1a(2)) having
the valuable material 12 (Fig. 1a(1)), 22 (Fig. 1a(2)) at-
tached thereto and unwanted material in the form of
waste ore 308, and provide either the enriched synthetic
bubbles or beads 15 (Fig. 1a(1)), 25 (Fig. 1a(2)) having
the valuable material 12 (Fig. 1a(1)), 22 (Fig. 1a(2)) at-
tached thereto or the waste ore 308, including providing
the enriched synthetic bubbles or beads having the val-
uable material attached thereto that are heavier than ore
particles, or providing the waste ore that is lighter than
the enriched synthetic bubbles or beads having the val-
uable material attached thereto.

[0059] As shown in Figure 4, the synthetic bubbles or
beads 10 (Fig. 1a(1)), 20 (Fig. 1a(2)) may be used in, or
form part of, a size-based separation process implement-
ed in apparatus generally indicated as 400 having a mix-
ing vat 402 in combination with a hydrocyclone cyclone
404 or a separation screen 406, according to some em-
bodiments of the present invention. In Figure 4, the mix-
ing vat 402 is configured with piping 408, 410, 412 to
receive the synthetic bubbles or beads 10 (Fig. 1a(1)),
20 (Fig. 1a(2)) and ore particles 414 in a slurry, and to
provide via piping 416 the enriched synthetic bubbles or
beads 15 (Fig. 1a(1)), 25 (Fig. 1a(2)) having the valuable
material 12 (Fig. 1a(1)), 22 (Fig. 1a(2)) attached thereto
and waste to the hydrocyclone 404 or screen 406 via
piping 416. In one embodiment, the screen 406 may be
configured to separate the enriched synthetic bubbles or
beads 15 (Fig. 1a(1)), 25 (Fig. 1a(2)) having the valuable
material 12 (Fig. 1a(1)), 22 (Fig. 1a(2)) attached thereto
and the waste. In an alternative embodiment, the hydro-
cyclone cyclone 404 may be configured to separate the
enriched synthetic bubbles or beads 15 (Fig. 1a(1)), 25
(Fig. 1a(2)) having the valuable material 12 (Fig. 1a(1)),
22 (Fig. 1a(2)) attached thereto and the waste.

Weight-based Separation

[0060] By way of example, the apparatus 300 and 400
disclosed in Figures 3b and 4 may be adapted and con-
figured to implement a weight-based separation process
according to some embodiments of the presentinvention.
[0061] Forexample, the synthetic bubbles or beads 30
(Fig. 1b(1)), 40 (Fig. 1b(2)) may be used in, or form part
of, a weight-based separation process implemented in
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the apparatus 300 in Figure 3b, or the apparatus 400 in
Figure 4, according to some embodiments of the present
invention.

[0062] According to some embodiments of the present
invention, the apparatus 300 in Figure 3b, including the
vertical column or horizontal pipeline 302 and the hydro-
cyclone cyclone 304, may be suitably adapted or config-
ured to implement a weigh-based separation technique.
For instance, the vertical column or horizontal pipeline
302 may be suitably adapted or configured to receive the
synthetic bubbles or beads 30 (Fig. 1b(1)), 40 (Fig. 1b(2))
in water, receive ground ore like ore 306, and provide
the synthetic bubbles or beads in water and the ground
ore in a process mixture. The hydrocyclone cyclone 304
may be suitably adapted or configured to receive the
process mixture, separate from the process mixture the
enriched synthetic bubbles or beads 35 (Fig. 1b(1)), 45
(Fig. 1b(2)) having the valuable material 32 (Fig. 1b(1)),
42 (Fig. 1b(2)) attached thereto and unwanted material
in the form of waste ore, and provide the enriched syn-
thetic bubbles or beads 35 (Fig. 1b(1)), 45 (Fig. 1b(2))
having the valuable material 32 (Fig. 1b(1)), 42 (Fig.
1b(2)) attached thereto and the waste ore.

[0063] Further, according to some embodiments of the
present invention, the apparatus 400 in Figure 4, includ-
ing the wet or dry mixing vat 402 and the hydrocyclone
cyclone 404 or the screen 406, may be suitably adapted
or configured to implement a weigh-based separation
technique. For example, the wet or dry mixing vat 402
may be suitably adapted or configured to receive the syn-
thetic bubbles or beads 30 (Fig. 1b(1)), 40 (Fig. 1b(2))
and ore particles 414 in a slurry, and to provide the en-
riched synthetic bubbles or beads 35 (Fig. 1b(1)), 45 (Fig.
1b(2)) having the valuable material 32 (Fig. 1b(1)), 42
(Fig. 1b(2)) attached thereto and waste ore. The screen
406 may be suitably adapted or configured to separate
the enriched synthetic bubbles or beads 35 (Fig. 1b(1)),
45 (Fig. 1b(2)) having the valuable material 32 (Fig.
1b(1)), 42 (Fig. 1b(2)) attached thereto and the waste ore
418, including being responsive to a jig for weight-based
separation of the enriched synthetic bubbles or beads 35
(Fig. 1b(1)), 45 (Fig. 1b(2)) from the waste ore. Alterna-
tively, the hydrocyclone cyclone 404 may be suitably
adapted or configured to separate the enriched synthetic
bubbles or beads 35 (Fig. 1b(1)), 45 (Fig. 1b(2)) having
the valuable material the enriched synthetic bubbles or
beads 32 (Fig. 1b(1)), 42 (Fig. 1b(2)) attached thereto
and the waste ore.

Figure 5: Magnetic-based Separation

[0064] Magnetic-based separation is not within the
scope of the present invention. As shown in Figure 5, the
synthetic bubbles or beads 50 (Fig. 1c(1)), 60 (Fig. 1¢(2))
may be used in, or form part of, a magnetic-based sep-
aration process implemented in apparatus generally in-
dicated as 500. For example, the apparatus 500 may
comprise a column or pipeline 502, a vat or container
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504 and a drum or belt magnetic separator or other mag-
netic separator 506. The drum or belt magnetic separator
or other magnetic separator 506 may include a drum or
belt 506a and a knife-like or edge-like device 506b. The
column or pipeline 502 may be configured to receive the
syntheticbubbles orbeads 50 (Fig. 1c(1)), 60 (Fig. 1¢(2)),
receive a ground ore slurry 508, and provide the synthetic
bubbles or beads 50 (Fig. 1c(1)), 60 (Fig. 1¢(2)) and the
ground ore slurry 502 in a process mixture to the vat or
container 504. The drum or belt separator 506 may be
configured to separate the enriched synthetic bubbles or
beads 55 (Fig. 1¢(1)), 65 (Fig. 1c(2)) having the valuable
material 52 (Fig. 1¢(1)), 62 (Fig. 1¢(2)) attached thereto
and the unwanted material 510 in the form of waste ore,
and provide the enriched synthetic bubbles or beads 55
(Fig. 1c(1)), 65 (Fig. 1c(2)) having the valuable material
52 (Fig. 1¢c(1)), 62 (Fig. 1c(2)) attached thereto and the
waste ore 510. As shown, the drum or belt magnetic sep-
arator or other magnetic separator 506 includes knife-
like or edge-like device 506b for removing magnetically
coupled enriched synthetic bubbles or beads 55 (Fig.
1c(1)), 65 (Fig. 1c(2)) from the drum or belt 506a.
[0065] The drum or belt separator 506 may be config-
ured to be magnetized or have magnetic fields extending
to, or along a portion of, its surface of the drum or belt
separator so as to form a separator surface to collect the
para-magnetic, ferro-magnetic or ferri-magnetic synthet-
ic bubbles or beads 55 (Fig. 1¢(1)), 65 (Fig. 1¢c(2)) having
the valuable material 52 (Fig. 1¢(1)), 62 (Fig. 1¢c(2)) at-
tached thereto that are attracted to the separator surface
as it rotates inside the vat or container 504, as shown.
[0066] A personskilledinthe artwould appreciate what
is meantby the terms para-, ferri-, ferro-magnetism. How-
ever, by way of example, the Wikipedia Dictionary de-
fines these terms as follows:

Ferromagnetism is the basic mechanism by which
certain materials (such as iron) form permanent
magnets, or are attracted to magnets.

A ferrimagnetic material is one in which the magnetic
moments of the atoms on different sublattices are
opposed, as in antiferromagnetism;

however, in ferrimagnetic materials, the opposing
moments are unequal and a spontaneous magneti-
zation remains.

Paramagnetism is a form of magnetism whereby the
paramagnetic material is only attracted when in the
presence of an externally applied magnetic field.

A Physical Property

[0067] For the purpose of describing and understand-
ing the present invention, a physical property is under-
stood to be any quality that is a measurable whose value
describes a physical system’s state, as defined by the
Wikipedia Dictionary. Changes in the physical properties
of a system can be used to describe its transformations
(or evolutions between its momentary states). Physical
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properties can be intensive or extensive, where an inten-
sive property does not depend on the size or amount of
matter in the object, while an extensive property does.
Physical properties are contrasted with chemical prop-
erties which determine the way a material behaves in a
chemical reaction. Physical properties are properties that
do not change the chemical nature of matter.

[0068] By way of example, the presentinvention is de-
scribed in relation to physical property of the synthetic
beads or bubbles that take the form of size, weight, and
density.

Implementation of the Separation Techniques

[0069] Vertical column or horizontal pipelines like ele-
ment 100, hydrocyclones like element 304, vat mixing
devices like element 402, screens like element 406 and
drum or belt magnetic separators like element 506 for
implementing separation techniques based on size,
weight or magnetism are known in the art, and the scope
of the invention is not intended to be limited to any par-
ticular type or kind thereof. Separation techniques based
on magnetism are not within the scope of the present
invention.

[0070] Further, a person skilled in the art would be able
to implement separation techniques based on size,
weight or density without undue experimentation using
vertical column or horizontal pipelines like element 100,
hydrocyclones like element 304, vat mixing devices like
element 402, and screens like element 406 consistent
with that disclosed herein.

Figures 6a, 6b: The Synthetic Bead Chemistry

[0071] As outlined above, the synthetic bubbles or
beads are configured as solid polymer bubbles or beads
with a polymer or polymer-based material functionalized
to attach to a valuable material, wherein the polymer or
polymer-based material comprises a surface configured
with a hydrophobic polymer selected from a group con-
sisting of polydimethylsiloxane, polysiloxanates, hy-
droxyl-terminated polydimethylsiloxane, fluoroalkylsi-
lane, and silicone alkyd copolymer.

For aiding a person of ordinary skill in the art in under-
standing various embodiments of the present invention,
Figure 6a shows a generalized synthetic bead and Figure
6b shows an enlarged portion of the surface. As shown
in Figures 6a and 6b, the synthetic bead 70 has a bead
body to provide a bead surface 74. The bead body is
made of a polymer, so as to provide a plurality of mole-
cules or molecular segments 76 on the surface 74. The
molecule 76 is used to attach a chemical functional group
78 to the surface 74. In general, the molecule 76 can be
a hydrocarbon chain, for example, and the functional
group 78 can have an anionic bond for attracting a min-
eral, such as copper to the surface 74. A xanthate, for
example, has both the functional group 78 and the mo-
lecular segment 76 to be incorporated into the polymer
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thatis used to make the synthetic bead 70. The functional
group 78 is also known as a collector that can have a
non-ionizing or ionizing bond. The ionizing bond can be
anionic or cationic. An anionic bond includes oxyhydryl,
such as carboxylic, sulfates and sulfonates, and sulfhy-
dral, such as xanthates and dithiophosphates. Other mol-
ecules or compounds that can be used to provide the
function group 78 include thionocarboamates, thioureas,
xanthogens, monothiophosphates, hydroquinones and
polyamines.

[0072] Similarly, a chelating agent can be incorporated
into the polymer as a collector site for attracting a mineral,
such as copper. As shown in Figure 6b, a mineral particle
72 is attached to the functional group 78 on the molecule
76. In general, the mineral particle 72 is much smaller
than the synthetic bead 70. Many mineral particles 72
can be attracted to or attached to the surface 74 of a
syntheticbead 70. When the mineral particles 72 are very
fine, smaller synthetic beads 70 can also be used.
[0073] Inthe presentinvention, a synthetic bead takes
the form of a solid-phase body made of a polymer. (By
way of example, the term "solid-phase body" is under-
stood herein to be a body having a cohesive force of
matter that is strong enough to keep the molecules or
atoms in the given positions, restraining the thermal mo-
bility.) The polymer can be rigid or elastomeric. An elas-
tomeric polymer can be a bisoxazolone-based polymer,
for example. The body has a surface comprising a plu-
rality of molecules with one or more functional groups for
attracting mineral particles of interest to the surface. A
polymer having a functional group to attract or collect
mineral particles is referred to as a functionalized poly-
mer. By way of example, the entire body of the synthetic
bead may be made of the same functionalized material,
or the bead body may be a shell, which can be formed
by way of expansion, such as thermal expansion or pres-
sure reduction.

[0074] The shell may be formed as a micro-bubble or
aballoon. The shell, which may be made of functionalized
material, may have an interior part. The interior part may
be filled with air or gas to aid buoyancy, for example. The
interior part can be used to contain a liquid to be released
during the mineral separation process, in order to control
the chemistry of the process being performed, e.g., in
the flotation cell or column. The encapsulated liquid can
be a polar liquid or a non-polar liquid, for example. The
encapsulated liquid can contain a depressant composi-
tion for the enhanced separation of copper, nickel, zinc,
lead in sulfide ores in the flotation stage, for example. In
embodiments not according to the present invention, the
shell can be used to encapsulate a powder which can
have a magnetic property so as to cause the synthetic
bead to be magnetic, for example. In such embodiments
(not according to the present invention), an electromag-
netic field may be generated to capture or stir the syn-
thetic beads. The encapsulated liquid or powder may
contain monomers, oligomers or short polymer segments
for wetting the surface of mineral particles when released
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from the beads. For example, each of the monomers or
oligomers may contain one functional group for attaching
to a mineral particle of interest and one ionic bond for
attaching the wetted mineral particle to the synthetic
bead. The shell can be used to encapsulate a solid core,
such as Styrofoam to aid buoyancy, for example. In yet
another embodiment, only the coating of the bead body
may be made of functionalized polymer. In embodiments
not according to the present invention the synthetic bead
can have a core made of ceramic, glass or metal and
only the surface of core can have a coating made of func-
tionalized polymer. The core can be a hollow core or a
filled core depending on the applications. The core can
be a micro-bubble, a sphere or balloon. For example, in
embodiments not according to the present invention, a
filled core made of metal makes the density of the syn-
thetic bead to be higher than the density of the pulp slurry,
for example, so as to settle in the flotation cell or column
and be capture. In embodiments not according to the
present invention, the core can be made of a magnetic
material so that the para-, ferri-, ferro-magnetism of the
synthetic bead is greater than the para-, ferri-, ferro-mag-
netism of the unwanted ground ore particle in the mixture.
According to some embodiments (not according to the
presentinvention) , the synthetic bead can be configured
with a ferro-magnetic or ferri-magnetic core that attract
to paramagnetic surfaces. In embodiments notaccording
to the present invention a core made of glass or ceramic
can be used to make the density of the synthetic bead
substantially equal to the density of the pulp slurry so that
when the synthetic beads are mixed into the pulp slurry
for mineral collection, the beads can be in a so-called
suspension state.

[0075] It should be understood that the use of the term
"bead" is not intended to limit the shape of the synthetic
bead of the present invention to being spherical, as
shown in Figure 6a, 6b. In various embodiments of the
present invention, the synthetic bead can have an ellip-
tical shape, a cylindrical shape, a shape of a block, an
irregular shape. In effect, the scope of the invention is
not intended to be limited to any particular type or kind
of shape of the synthetic bead.

[0076] It should also be understood that the surface of
a synthetic bead, according to the present invention, is
not limited to an overall smoothness of its surface as
shown in Figure 6a. In some embodiments of the present
invention, the surface can be irregular and rough. For
example, the surface can have some physical structures
like grooves or rods, or holes or dents. The surface can
have some physical structures formed from stacked
beads. The surface can have some hair-like physical
structures. In addition to the functional groups on the syn-
thetic beads that attract mineral particles of interest to
the bead surface, the physical structures can help trap-
ping the mineral particles on the bead surface. The sur-
face can be configured to be a honeycomb surface or a
sponge-like surface for trapping the mineral particles
and/or increasing the contacting surface. In effect, the
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scope of the invention is not intended to be limited to any
particular type or kind of surface of the synthetic bead.
[0077] It should be noted that the synthetic beads of
the present invention can be realized by a different way
to achieve the same goal. Namely, it is possible to use
a different means to attract the mineral particles of inter-
est to the surface of the synthetic beads. For example,
the surface of the polymer beads or shells can be func-
tionalized with a hydrophobic chemical molecule or com-
pound, as discussed below. Alternatively, in embodi-
ments not within the scope of the present invention, the
surface of beads made of glass, ceramic and metal can
be coated with hydrophobic chemical molecules or com-
pounds. Using the coating of glass beads (not within the
scope of the present invention) as an example, polysi-
loxanates can be used to functionalize the glass beads
in order to make the synthetic beads. In the pulp slurry,
xanthate and hydroxamate collectors can also be added
therein for collecting the mineral particles and making
the mineral particles hydrophobic. When the synthetic
beads are used to collect the mineral particles in the pulp
slurry having a pH value around 8-9, it is possible to re-
lease the mineral particles on the enriched synthetic
beads from the surface of the synthetic beads in an acidic
solution, such as a sulfuric acid solution. According to
some embodiment, it may also be possible to release the
mineral particles carried with the enriched synthetic
beads by sonic agitation, such as ultrasonic waves, or
simply by washing it with water.

Figures 7a to 7c: Hydrophobicity

[0078] As outlined above, the synthetic bubbles or
beads are configured as solid polymer bubbles or beads
with a polymer or polymer-based material functionalized
to attach to a valuable material, wherein the polymer or
polymer-based material comprises a surface configured
with a hydrophobic polymer selected from a group con-
sisting of polydimethylsiloxane, polysiloxanates, hy-
droxyl-terminated polydimethylsiloxane, fluoroalkylsi-
lane, and silicone alkyd copolymer.

For aiding a person of ordinary skill in the art in under-
standing various embodiments of the present invention,
Figure 7a shows a generalized synthetic bubble or bead
having some particles attached to the surface. Figure 7b
illustrates an enlarged portion of the synthetic bead
showing a wetted mineral particle attached to the hydro-
phobic surface of the synthetic bead. Figure 7c illustrates
an enlarged portion of the synthetic bead showing a hy-
drophobic particle attached to the hydrophobic surface
of the synthetic bead.

[0079] The hydrophobic particle can be mineral related
or non-mineral related. Non-mineral related particles are
not within the scope of the present invention. The syn-
thetic bead can be a size-based bead or bubble, weight-
based polymer bead and bubble, or magnetic-based
bead and bubble (not within the scope of the present
invention), consistent with that set forth herein. The size
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of the synthetic bead can be smaller than the minimum
size of the mineral particles of interest which is about
150um, and can be larger than the maximum size of the
mineral particles of interest. In certain applications, the
size of the synthetic bead can be 1cm or larger.

[0080] As shown in Figure 7a, the synthetic bubble or
bead 170 may have a bead body to provide a bead sur-
face 174. The bead body is made of a hydrophobic pol-
ymer, or has a coating of a hydrophobic chemical. As
such, hydrophobic particles 172, 172’ are attracted to the
surface 174 to form an enriched synthetic bubble or bead
175. As shown in Figures 7a and 7b, the surface 174 of
the synthetic bubble or bead comprises a plurality of mol-
ecules 179 which renders the surface 174 hydrophobic.
For example, in embodiments not according to the
presentinvention, the surface 174 may be a glass surface
coated with polysiloxanates which have functional
groups that bind to the hydroxyl group of the glass sur-
face. Polysiloxanates, such as hydroxyl-terminated poly-
dimethysiloxanes, have a silicon-oxygen chain to provide
the hydrophobic molecules 179. The hydrophobic parti-
cle 172, as shown in Figure 7b, is a mineral particle 171’
having one or more collectors 173 attached thereto. One
end (178) of the collector 173 has an ionic bond attached
to the mineral particle of interest 171’. The other end of
the collector 173 has a hydrophobic chain 176 which
tends to move into the hydrophobic molecules 179. Thus,
the hydrophobic particle 172’ is a wetted mineral particle.
A collector, such as xanthate, has both the functional
group 178 and the molecule 176. A xanthate, for exam-
ple, has both the functional group 178 and the molecular
segment 176 to be incorporated into the polymer that is
used to make the synthetic bead 170. A functional group
178 is also known as a collector that can have a non-
ionizing or ionizing bond. The ionizing bond can be ani-
onicor cationic. An anionic bond includes oxyhydryl, such
as carboxylic, sulfates and sulfonates, and sulfhydral,
such as xanthates and dithiophosphates. Other mole-
cules or compounds that can be used to provide the func-
tional group 178 include thionocarboamates, thioureas,
xanthogens, monothiophosphates, hydroquinones and
polyamines.

[0081] The hydrophobic particle 172, as shown in Fig-
ure 7c, can be a particle that has a hydrophobic chain
176. In embodiments not according to the presentinven-
tion, such particle can be non-mineral related, but it can
be arranged to contact with the hydrophobic synthetic
bubbles or beads 170 of the present inventions. Thus the
hydrophobic bubbles or beads 170, according to various
embodiments not within the scope of the present inven-
tion, can be used in non-mining applications, such as
water-pollution control and water purification.

pH
[0082] In many releasing environments, the pH value

is lower than the pH value for mineral attachment. It
should be noted that, however, when the valuable mate-
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rial is copper, for example, itis possible to provide a lower
pH environment for the attachment of mineral particles
and to provide a higher pH environment for the releasing
of the mineral particles from the synthetic beads or bub-
bles. In general, the pH value is chosen to facilitate the
strongest attachment, and a different pH value is chosen
to facilitate release. Thus, according to some embodi-
ments of the present invention, one pH value is chosen
for mineral attachment, and a different pH value is chosen
for mineral releasing. The different pH could be higher
or lower, depending on the specific mineral and collector.

Bead Size (range)

[0083] The synthetic beads, according to some em-
bodiments of the present invention, can be made with
different sizes in order to attract mineral particles of dif-
ferent sizes. For example, unlike air bubbles, the syn-
thetic beads of a larger size can be used to attract mineral
particles larger than, say, 200pum. Thus, the grinding of
the blasted ore can be separated into different stages.
In the first stage, the rock is crushed into particles in the
order of 200 wm. After the separation process using the
larger synthetic beads in the slurry containing these
crude particles, the remaining slurry can be subjected to
a finer grinding stage where the crushed rock is further
crushed into particles in the order of 100pm. With the
slurry containing the finer mineral particles, synthetic
beads with a smaller size may be more effective in inter-
acting with the finer mineral particles. In a flotation cell
application, the bead size can be smaller than 100pm.
In a tailings pond application, the bead size can be 1mm
to 10mm or larger. However, large beads would reduce
the functionalized surfaces where the mineral particles
can attach to the synthetic beads. Thus, according to
some embodiments of the presentinvention, the synthet-
ic beads are configured with a size less than 100 wm for
attracting to mineral particles having a substantially sim-
ilar size, including in applications related to flotation cells;
the synthetic beads are configured with a size of about
100 wm for attracting or attaching to mineral particles
having a substantially similar size, smaller size or larger
size; the synthetic beads are configured with a size in a
range of about 50-500 pwm for attracting or attaching to
mineral particles having a substantially similar size,
smaller size or larger size; the synthetic beads are con-
figured with a size about 200 wm for attracting to mineral
particles having a substantially similar size; the synthetic
beads are configured with a size in a range of about 1mm
to 10mm, including in applications related to a tailings
pond. In general, the synthetic beads are configured with
a size in arange of about 50 pm to 10mm. But the beads
can be smaller than 50 wm and larger than 10mm.

Relative size

[0084] According to some embodiments of the present
invention, the synthetic beads are configured to be larger
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than the mineral particles. As such, a plurality of mineral
particles may attach to one synthetic bead. According to
other embodiments ofthe presentinvention, the synthetic
beads are configured to be smaller than the mineral par-
ticles. As such, a plurality of synthetic beads may attach
to one mineral particle. The size of the synthetic beads
can also be about the same as the size of the mineral
particle.

Oilsands separation

[0085] In embodiments outside the scope of present
invention the synthetic beads, whether functionalized to
have a collector or functionalized to be hydrophobic, are
also configured for use in oilsands separation - to sepa-
rate bitumen from sand and water in the recovery of bi-
tumen in an oilsands mining operation.

Portion of surface functionalized

[0086] According to some embodiments of the present
invention, only a portion of the surface of the synthetic
bead is functionalized to be hydrophobic. This has the
benefits as follows:

1. Keeps too many beads from clumping together -
or limits the clumping of beads,

2. Once a mineral is attached, the weight of the min-
eral is likely to force the bead to rotate, allowing the
mineral particle to be located under the bead as it
rises through the flotation cell;

a. Better cleaning as it may let the gangue to
pass through

b. Protects the attached mineral particle or par-
ticles from being knocked off, and

c. Provides clearer rise to the top collection zone
in the flotation cell.

[0087] According to some embodiments of the present
invention, only a portion of the surface of the synthetic
bead is functionalized with collectors. This also has the
benefits of

1. Once a mineral is attached, the weight of the min-
eral is likely to force the bead to rotate, allowing the
mineral particle to be located under the bead as it
rises through the flotation cell;

a. Better cleaning as it may let the gangue to
pass through

b. Protects the attached mineral particle or par-
ticles from being knocked off, and

c. Provides clearer rise to the top collection zone
in the flotation cell.
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Both collector and hydrophobic on same bead:

[0088] According to some embodiments of the present
invention, one part of the synthetic bead is functionalized
with collectors while another part of same synthetic bead
is functionalized to be hydrophobic as shown in Figures
8a and 8b. As shown in Figure 8a, a synthetic bead 74
has a surface portion where polymer is functionalized to
have collector molecules 73 with functional group 78 and
molecular segment 76 attached to the surface of the bead
74. The synthetic bead 74 also has a different surface
portion where polymer is functionalized to have hydro-
phobic molecules 179 (or 79). In the embodiment as
shown in Figure 8b, the entire surface of the synthetic
bead 74 can be functionalized to have collector mole-
cules 73, but a portion of the surface is functionalized to
have hydrophobic molecules 179 (or 79) render it hydro-
phobic.

Advantages of same beadhaving both collector mole-
cules and hydrophobic molecules

[0089] According to some embodiments of the present
invention, one part of the synthetic bead is functionalized
with collectors while another part of same synthetic bead
is functionalized to be hydrophobic and this "hybrid" syn-
thetic bead is configured for use in a traditional flotation
cell as well. The "hybrid" synthetic bead (see Figures 8a
and 8b) has a hydrophobic portion and a separate col-
lector portion. When the "hybrid" beads are mixed with
air in the flotation cell, some of them will attach to the air
bubbles because of the hydrophobic portion. As the "hy-
brid" synthetic bead is attached to an air bubble, the col-
lector portion of the attached bead can collect mineral
particles with the functional groups. Thus, the synthetic
beads, according to some embodiments of the present
inventions, can be used to replace the air bubbles, or to
work together with the air bubbles in a flotation process.
[0090] This "hybrid" synthetic bead can collect mineral
particles that are wet and not wet.

A Collector

[0091] According to some embodiments of the present
invention, the surface of a synthetic bead can be func-
tionalized to have a collector molecule. The collector has
afunctional group with an ion capable of forming a chem-
ical bond with a mineral particle. A mineral particle asso-
ciated with one or more collector molecules is referred
to as a wetted mineral particle. According to some em-
bodiments of the present invention, the synthetic bead
can be functionalized to be hydrophobic in order to collect
one or more wetted mineral particles.

Applications

[0092] The scope of the invention is described in rela-
tion to mineral separation, including the separation of
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copper from ore.
[0093] Byway of example, applications are envisioned
to include:

Rougher/scavenger separation cells in the produc-
tion stream, replacing the traditional flotation ma-
chines.

Tailings scavenger cells used to scavenge the un-
recovered minerals from a tailings stream.

Tailings cleaning cell use to clean unwanted material
from the tailings stream before it is sent to the dis-
posal pond.

Tailings reclamation machine that is placed in the
tailings pond to recover valuable mineral that has
been sent to the tailings pond.

Other types or kinds of valuable material or minerals
of interest, including gold, molybdenum, etc.

The Scope of the Invention

[0094] It should be further appreciated that any of the
features, characteristics, alternatives or modifications
described regarding a particular embodiment herein may
also be applied, used, or incorporated with any other em-
bodimentdescribed herein. In addition, it is contemplated
that, while the embodiments described herein are useful
for homogeneous flows, the embodiments described
herein can also be used for dispersive flows having dis-
persive properties (e.g., stratified flow). Although the in-
vention has been described and illustrated with respect
to exemplary embodiments thereof, the foregoing and
various other additions and omissions may be made
therein and thereto without departing from the scope of
the present invention as defined by the claims.

Claims

1. Apparatus for use in, or forming part of, a separation
process to be implemented in separation processor
technology, said apparatus comprising synthetic
bubbles or beads, the separation process involving
the use of the synthetic bubbles or beads, wherein:
the synthetic bubbles or beads are configured as sol-
id polymer bubbles or beads with a polymer or pol-
ymer-based material functionalized to attach to a val-
uable material in a mixture having water so as to
form enriched synthetic bubbles or beads having the
valuable material attached thereto, and are also con-
figured to be separated from the mixture based at
least partly on a difference in a physical property
between the enriched synthetic bubbles or beads
having the valuable material attached thereto and
the mixture, wherein the valuable material comprises
mineral particles, and wherein the polymer or poly-
mer-based material comprises a surface configured
with a hydrophobic polymer selected from a group
consisting of polydimethylsiloxane, polysiloxanates.
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2. Apparatus according to claim 1, wherein the synthet-
ic bubbles or beads are configured to be separated
from the mixture based at least partly on the differ-
ence between the size of the enriched synthetic bub-
bles or beads having the valuable material attached
thereto in relation to the size of unwanted material
in the mixture.

3. Apparatus according to claim 1, wherein the synthet-
ic bubbles or beads are configured to be separated
from the mixture based at least partly on the differ-
ence between the weight of the enriched synthetic
bubbles or beads having the valuable material at-
tached thereto in relation to the weight of unwanted
material in the mixture.

4. Apparatus according to claim 1, wherein the synthet-
ic bubbles or beads are configured to be separated
from the mixture based at least partly on the differ-
ence between the density of the enriched synthetic
bubbles or beads having the valuable material at-
tached thereto and the density of the mixture.

5. Apparatus according to claim 2, wherein

the synthetic bubbles or beads are configured
so that the size of the synthetic bubbles or beads
is greater than a maximum ground ore particle
size in the mixture; or

the synthetic bubbles or beads are configured
so that the size of the synthetic bubbles or beads
is less than a minimum ground ore patrticle size
in the mixture.

6. Apparatus according to claim 2, wherein

the apparatus further comprises a vertical col-
umn or horizontal pipeline for implementing the
separation process, the vertical column or hor-
izontal pipeline being configured with a screen
to separate the enriched synthetic bubbles or
beads having the valuable material attached
thereto from the mixture based at least partly on
the difference in size; or wherein

the apparatus further comprises a vertical col-
umn or horizontal pipeline for implementing the
separation process, and a hydrocyclone cy-
clone,

the vertical column or horizontal pipeline being
configured to

receive the synthetic bubbles or beads in
water,

receive ground ore, and

provide the synthetic bubbles or beads in
water and the ground ore in a process mix-
ture; and

the hydrocyclone cyclone configured to
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receive the process mixture,

separate from the process mixture the en-
riched synthetic bubbles or beads having
the valuable material attached thereto and
unwanted material in the form of waste ore,
and

provide either the enriched synthetic bub-
bles or beads having the valuable material
attached thereto or the waste ore, including
separating the waste ore in the form of ore
particles that are smaller in size than the
enriched synthetic bubbles or beads having
the valuable material attached thereto, and
including separating the enriched synthetic
bubbles or beads having the valuable ma-
terial attached thereto that are larger in size
than the ore particles; or wherein

the apparatus further comprises a mixing
vat and either a screen or a hydrocyclone
cyclone for implementing the separation
process,

the mixing vat being configured to receive
the synthetic bubbles or beads and ore par-
ticles in a slurry, and to provide the enriched
synthetic bubbles or beads having the val-
uable material attached thereto and waste;
and

the screen being configured to separate the
enriched synthetic bubbles or beads having
the valuable material attached thereto and
the waste; or

the hydrocyclone cyclone being configured
to separate the enriched synthetic bubbles
or beads having the valuable material at-
tached thereto and the waste.

Apparatus according to claim 6, wherein the vertical
column or horizontal pipeline is also configured to
separate the enriched synthetic bubbles or beads
having the valuable material attached thereto from
the mixture using countercurrent flows with mixing,
so as to

receive in the vertical column or horizontal pipe-
line ground ore flowing in a first direction,
receive in the vertical column or horizontal pipe-
line slurried synthetic bubbles or beads flowing
in a second direction opposite to the first direc-
tion,

provide from the vertical column or horizontal
pipeline the enriched synthetic bubbles or beads
having the valuable material attached thereto
and flowing in the second direction, and
provide from the vertical column or horizontal
pipeline waste that is separated from the mixture
using the screen and flowing in the second di-
rection.
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8.

9.

Apparatus according to claim 6, wherein the vertical
column or horizontal pipeline is also configured to
separate the enriched synthetic bubbles or beads
having the valuable material attached thereto from
the mixture using concurrent flows with mixing, so
as to

receive in the vertical column or horizontal pipe-
line the synthetic bubbles or beads in water flow-
ing in a first direction,

receive in the vertical column or horizontal pipe-
line ground ore flowing in the first direction,
provide from the vertical column or horizontal
pipeline waste thatis separated from the mixture
using the screen and flowing in the first direction,
and

provide from the vertical column or horizontal
pipeline the enriched synthetic bubbles or beads
having the valuable material attached thereto
and flowing in the first direction.

Apparatus according to claim 3, wherein

the synthetic bubbles or beads are configured
so that the weight of the synthetic bubbles or
beads is greater than a maximum ground ore
particle weight in the mixture; or

the synthetic bubbles or beads are configured
so that the weight of the synthetic bubbles or
beads is less than a minimum ground ore parti-
cle weight in the mixture.

10. Apparatus according to claim 3, wherein

the apparatus further comprises a vertical column or
horizontal pipeline for implementing the separation
process, and a hydrocyclone cyclone, the vertical
column or horizontal pipeline configured to

receive the synthetic bubbles or beads in water,
receive ground ore,

provide the synthetic bubbles or beads in water
and the ground ore in a process mixture; and
the hydrocyclone cyclone configured to
receive the process mixture,

separate from the process mixture the enriched
synthetic bubbles or beads having the valuable
material attached thereto and unwanted mate-
rial in the form of waste ore; and

provide either the enriched synthetic bubbles or
beads having the valuable material attached
thereto or the waste ore, including where the
enriched synthetic bubbles or beads having the
valuable material attached thereto take the form
of the enriched synthetic bubbles or beads that
are heavier than ore particles, and including
where the waste ore takes the form of ore par-
ticles that are lighter than the enriched synthetic
bubbles or beads having the valuable material
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attached thereto; or wherein

the apparatus further comprises a wet or dry
mixing vat and either a screen or a hydrocyclone
cyclone for implementing the separation proc-
ess,

the wet or dry mixing vat being configured to
receive the synthetic bubbles or beads and ore
particles in a slurry, and to provide the enriched
synthetic bubbles or beads having the valuable
material attached thereto and waste ore; and
the screen being configured to separate the en-
riched synthetic bubbles or beads having the
valuable material attached thereto and the
waste ore, including being responsive to a jig for
weight-based separation; or

the hydrocyclone cyclone being configured to
separate the enriched synthetic bubbles or
beads having the valuable material attached
thereto and the waste ore.

Apparatus according to claim 4, wherein

the apparatus further comprises a column or pipeline
and a drum or belt separator for implementing the
separation process,

the column or pipeline being configured to
receive the synthetic bubbles or beads,
receive a ground ore slurry, and

provide the synthetic bubbles or beads and the
ground ore slurry in a process mixture; and
the drum or belt separator being configured to
receive the process mixture,

separate the enriched synthetic bubbles or
beads having the valuable material attached
thereto and the unwanted material in the form
of waste ore, and

provide the enriched synthetic bubbles or beads
having the valuable material attached thereto
and the waste ore.

Apparatus according to claim 1, wherein the surface
comprises a coating of the hydrophobic polymer.

Apparatus according to claim 1, wherein only a part
of the surface of the synthetic bubbles or beads is
configured to be hydrophobic.

Apparatus according to claim 13, wherein another
part of the surface of the synthetic bubbles or beads
is configured to have molecules attached thereto,
the molecules comprising a functional group select-
ed for attracting the valuable material in the mixture,
wherein the molecules comprise collectors.

Patentanspriiche

1.

Vorrichtung zur Verwendung in einem Trennpro-

10

15

20

25

30

35

40

45

50

55

16

zess, der in der Trennprozessortechnologie umzu-
setzen ist, oder die einen Teil davon bildet, wobei
die Vorrichtung synthetische Blasen oder Kiigelchen
umfasst, wobei der Trennprozess die Verwendung
der synthetischen Blasen oder Kigelchen ein-
schliel3t, wobei:

die synthetischen Blasen oder Kiigelchen als mas-
sive Polymerblasen oder -kiigelchen mit einem Po-
lymer oder einem Material auf Polymerbasis konfi-
guriert sind, das dazu funktionalisiert ist, sich an ei-
nem wertvollen Material in einem Wasser aufwei-
senden Gemisch anzulagern, um angereicherte syn-
thetische Blasen oder Kiigelchen, an die das wert-
volle Material angelagert ist, zu bilden, und zudem
dazu konfiguriert sind, von dem Gemisch zumindest
teilweise auf Basis eines Unterschieds einer physi-
kalischen Eigenschaft zwischen den angereicherten
synthetischen Blasen oder Kiigelchen, an die das
wertvolle Material angelagert ist, und dem Gemisch
getrennt zu werden, wobei das wertvolle Material Mi-
neralpartikel umfasst und wobei das Polymer oder
das Material auf Polymerbasis eine Oberflache um-
fasst, die mit einem hydrophoben Polymer konfigu-
riert ist, das aus einer Gruppe ausgewahlt ist, die
aus Polydimethylsiloxan, Polysiloxanen besteht.

Vorrichtung nach Anspruch 1, wobei die syntheti-
schen Blasen oder Kiigelchen dazu konfiguriert sind,
von dem Gemisch zumindest teilweise auf Basis des
Unterschieds zwischen der GréRRe der angereicher-
ten synthetischen Blasen oder Kigelchen, an die
das wertvolle Material angelagert ist, in Bezug auf
die GroRe von unerwiinschtem Material in dem Ge-
misch getrennt zu werden.

Vorrichtung nach Anspruch 1, wobei die syntheti-
schen Blasen oder Kiigelchen dazu konfiguriert sind,
von dem Gemisch zumindest teilweise auf Basis des
Unterschieds zwischen dem Gewicht der angerei-
cherten synthetischen Blasen oder Kiigelchen, an
die das wertvolle Material angelagert ist, in Bezug
aufdas Gewichtvon unerwiinschtem Materialindem
Gemisch getrennt zu werden.

Vorrichtung nach Anspruch 1, wobei die syntheti-
schen Blasen oder Kiigelchen dazu konfiguriert sind,
von dem Gemisch zumindest teilweise auf Basis des
Unterschieds zwischen der Dichte der angereicher-
ten synthetischen Blasen oder Kiigelchen, an die
das wertvolle Material angelagert ist, und der Dichte
des Gemischs getrennt zu werden.

Vorrichtung nach Anspruch 2, wobei

die synthetischen Blasen oder Kigelchen so
konfiguriert sind, dass die GroRe der syntheti-
schen Blasen oder Kligelchen groReristals eine
maximale GréRe von gemahlenen Erzpartikeln
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in dem Gemisch; oder

die synthetischen Blasen oder Kiigelchen so
konfiguriert sind, dass die GroRRe der syntheti-
schen Blasen oder Kligelchen kleineristals eine
minimale Grolke von gemahlenen Erzpartikeln
in dem Gemisch.

6. Vorrichtung nach Anspruch 2, wobei

die Vorrichtung ferner eine vertikale Saule oder
horizontale Rohrleitung zum Umsetzen des
Trennprozesses umfasst, wobei die vertikale
Saule oder horizontale Rohrleitung mit einem
Sieb konfiguriertist, um die angereicherten syn-
thetischen Blasen oder Kiigelchen, an die das
wertvolle Material angelagert ist, zumindest teil-
weise auf Basis des GroRenunterschieds von
dem Gemisch zu trennen; oder wobei

die Vorrichtung ferner eine vertikale Saule oder
horizontale Rohrleitung zum Umsetzen des
Trennprozesses und einen Hydrozyklon-Zyklon
umfasst, wobei die vertikale Saule oder horizon-
tale Rohrleitung zu Folgendem konfiguriert ist:

Aufnehmen der synthetischen Blasen oder
Kigelchen in Wasser,

Aufnehmen von gemahlenem Erz und
Bereitstellen der synthetischen Blasen oder
Kigelchen in Wasser und des gemahlenen
Erzes in einem Prozessgemisch; und
wobei der Hydrozyklon-Zyklon zu Folgen-
dem konfiguriert ist:

Aufnehmen des Prozessgemischs,
Trennen der angereicherten syntheti-
schen Blasen oder Kiigelchen, an die
das wertvolle Material angelagert ist,
und des unerwiinschten Materials in
Form von Abfallerz von dem Prozess-
gemisch, und

Bereitstellen entweder der angerei-
cherten synthetischen Blasen oder Ki-
gelchen, an die das wertvolle Material
angelagert ist, oder des Abfallerzes,
einschlieBlich eines Trennens des Ab-
fallerzes in Form von Erzpartikeln, die
eine kleinere GroRe aufweisen als die
angereicherten synthetischen Blasen
oder Kugelchen, an die das wertvolle
Material angelagert ist, und
einschlieBlich eines Trennens der an-
gereicherten synthetischen Blasen
oder Kugelchen, an die das wertvolle
Material angelagert ist, die eine gréRe-
re GroRRe aufweisen als die Erzpartikel;
oder wobei

die Vorrichtung ferner einen Mischbe-
halter und entweder ein Sieb oder ei-
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nen Hydrozyklon-Zyklon zum Umset-
zen des Trennprozesses umfasst,
wobei der Mischbehalter dazu konfigu-
riert ist, die synthetischen Blasen oder
Kigelchen und Erzpartikel in einer Auf-
schlammung aufzunehmen und die an-
gereicherten synthetischen Blasen
oder Kiigelchen, an die das wertvolle
Material angelagert ist, und Abfall be-
reitzustellen; und

wobei das Sieb dazu konfiguriertist, die
angereicherten synthetischen Blasen
oder Kiigelchen, an die das wertvolle
Material angelagert ist, und den Abfall
zu trennen; oder

wobei der Hydrozyklon-Zyklon dazu
konfiguriertist, die angereicherten syn-
thetischen Blasen oder Kiigelchen, an
die das wertvolle Material angelagert
ist, und den Abfall zu trennen.

Vorrichtung nach Anspruch 6, wobei die vertikale
Saule oder horizontale Rohrleitung auch dazu kon-
figuriertist, die angereicherten synthetischen Blasen
oder Kiigelchen, an die das wertvolle Material ange-
lagertist, mit Gegenstrémen unter Mischen von dem
Gemisch zu trennen, um

in der vertikalen Saule oder horizontalen Rohr-
leitung gemahlenes Erz, das in eine erste Rich-
tung fliel3t, aufzunehmen,

in der vertikalen Saule oder horizontalen Rohr-
leitung aufgeschlammte synthetische Blasen
oder Kulgelchen, die in eine zweite Richtung ent-
gegengesetzt zu der ersten Richtung flieRen,
aufzunehmen,

aus der vertikalen Saule oder horizontalen
Rohrleitung die angereicherten synthetischen
Blasen oder Kugelchen, an die das wertvollen
Material angelagert ist und die in die zweite
Richtung flieRen, bereitzustellen und

aus der vertikalen Saule oder horizontalen
Rohrleitung Abfall bereitzustellen, der mit dem
Sieb von dem Gemisch getrennt wird und in die
zweite Richtung flie3t.

Vorrichtung nach Anspruch 6, wobei die vertikale
Saule oder horizontale Rohrleitung auch dazu kon-
figuriertist, die angereicherten synthetischen Blasen
oder Kiigelchen, an die das wertvolle Material ange-
lagert ist, mit Gleichstréomen unter Mischen von dem
Gemisch zu trennen, um

in der vertikalen Saule oder horizontalen Rohr-
leitung die synthetischen Blasen oder Kiigel-
cheninWasser, dasin eine erste Richtungflief3t,
aufzunehmen,

in der vertikalen Saule oder horizontalen Rohr-
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leitung gemahlenes Erz, das in die erste Rich-
tung fliel3t, aufzunehmen,

aus der vertikalen Saule oder horizontalen
Rohrleitung Abfall bereitzustellen, der mit dem
Sieb von dem Gemisch getrennt wird und in die
erste Richtung flief3t, und

aus der vertikalen Saule oder horizontalen
Rohrleitung die angereicherten synthetischen
Blasen oder Kiigelchen, an die das wertvolle
Material angelagert ist und die in die erste Rich-
tung flieRen, bereitzustellen.

9. Vorrichtung nach Anspruch 3, wobei

die synthetischen Blasen oder Kiigelchen so
konfiguriert sind, dass das Gewicht der synthe-
tischen Blasen oder Kiigelchen groRer istals ein
maximales Gewicht von gemahlenen Erzparti-
keln in dem Gemisch; oder

die synthetischen Blasen oder Kiigelchen so
konfiguriert sind, dass das Gewicht der synthe-
tischen Blasen oder Kiigelchen kleiner ist als ein
minimales Gewicht von gemahlenen Erzparti-
keln in dem Gemisch.

10. Vorrichtung nach Anspruch 3, wobei

die Vorrichtung ferner eine vertikale Saule oder
horizontale Rohrleitung zum Umsetzen des
Trennprozesses und einen Hydrozyklon-Zyklon
umfasst, wobei die vertikale Saule oder horizon-
tale Rohrleitung zu Folgendem konfiguriert ist:

Aufnehmen der synthetischen Blasen oder
Kigelchen in Wasser,

Aufnehmen von gemahlenem Erz,
Bereitstellen der synthetischen Blasen oder
Kigelchen in Wasser und des gemahlenen
Erzes in einem Prozessgemisch; und
wobei der Hydrozyklon-Zyklon zu Folgen-
dem konfiguriert ist:

Aufnehmen des Prozessgemischs,
Trennen der angereicherten syntheti-
schen Blasen oder Kiigelchen, an die
das wertvolle Material angelagert ist,
und des unerwiinschten Materials in
Form von Abfallerz von dem Prozess-
gemisch; und

Bereitstellen entweder der angerei-
cherten synthetischen Blasen oder der
Kugelchen, an die das wertvolle Mate-
rial angelagert ist, oder des Abfallerzes,
einschlieRlich, wobei die angereicher-
ten synthetischen Blasen oder Kiigel-
chen, an die das wertvolle Material an-
gelagert ist, die Form der angereicher-
ten synthetischen Blasen oder Kiigel-
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chen annehmen, die schwerer sind als
Erzpartikel, und einschlief3lich, wobei
das Abfallerz die Form von Erzpartikeln
annimmt, die leichter sind als die ange-
reicherten synthetischen Blasen oder
Kigelchen, an die das wertvolle Mate-
rial angelagert ist; oder wobei

die Vorrichtung ferner einen Nass- oder
Trockenmischbehalter und entweder
ein Sieb oder einen Hydrozyklon-Zy-
klon zum Umsetzen des Trennprozes-
ses umfasst,

wobei der Nass- oder Trockenmisch-
behalter dazu konfiguriert ist, die syn-
thetischen Blasen oder Kiigelchen und
Erzpartikel in einer Aufschlammung
aufzunehmen und die angereicherten
synthetischen Blasen oder Kiigelchen,
an die das wertvolle Material angela-
gert ist, und Abfallerz bereitzustellen;
und

wobeidas Sieb dazu konfiguriertist, die
angereicherten synthetischen Blasen
oder Kiigelchen, an die das wertvolle
Material angelagert ist, und den Abfall
zu trennen, einschliellich auf eine
Setzmaschine zur Trennung auf Ge-
wichtsbasis zu reagieren; oder

wobei der Hydrozyklon-Zyklon dazu
konfiguriertist, die angereicherten syn-
thetischen Blasen oder Kiigelchen, an
die das wertvolle Material angelagert
ist, und das Abfallerz zu trennen.

11. Vorrichtung nach Anspruch 4, wobei

die Vorrichtung ferner eine Saule oder Rohrlei-
tung und einen Trommel- oder Bandscheider
zum Umsetzen des Trennprozesses umfasst,
wobei die Saule oder Rohrleitung, zu Folgen-
dem konfiguriert ist:

Aufnehmen der synthetischen Blasen oder
Kigelchen,

Aufnehmen einer Aufschldammung mit ge-
mahlenem Erz, und

Bereitstellen der synthetischen Blasen oder
Kugelchen und der Aufschlammung mit ge-
mahlenem Erz in einem Prozessgemisch;
und

wobei der Trommel- oder Bandscheider zu
Folgendem konfiguriert ist:

Aufnehmen des Prozessgemischs,

Trennen der angereicherten syntheti-
schen Blasen oder Kigelchen, an die
das wertvolle Material angelagert ist,
und des unerwilinschten Materials in
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Form von Abfallerz; und
Bereitstellen der angereicherten syn-
thetischen Blasen oder Kiigelchen, an
die das wertvolle Material angelagert
ist, und des Abfallerzes.

Vorrichtung nach Anspruch 1, wobei die Oberflache
eine Beschichtung mit dem hydrophoben Polymer
umfasst.

Vorrichtung nach Anspruch 1, wobei nur ein Teil der
Oberflache der synthetischen Blasen oder Kiigel-
chen dazu konfiguriert ist, hydrophob zu sein.

Vorrichtung nach Anspruch 13,

wobei ein anderer Teil der Oberflache der syntheti-
schen Blasen oder Kuligelchen dazu konfiguriert ist,
dass sich die Molekiile daran anlagern, wobei die
Molekile eine funktionelle Gruppe umfassen, die
ausgewahlt ist, damit das wertvolle Material in dem
Gemisch angezogen wird, wobei die Molekile
Sammler umfassen.

Revendications

Appareil destiné a étre utilisé dans, ou faisant partie
d’'un processus de séparation a mettre en oeuvre
dans une technologie de processeur de séparation,
ledit appareil comprenant des bulles ou billes syn-
thétiques, le processus de séparation impliquant
I'utilisation des bulles ou billes synthétiques, dans
lequel :

les bulles ou billes synthétiques sont configurées
comme des bulles ou billes polymeres solides avec
un polymére ou un matériau a base de polymeére
fonctionnalisé pour s’attacher a un matériau de va-
leur dans un mélange comportant de I'eau de fagon
a former des bulles ou billes synthétiques enrichies
auxquelles le matériau de valeur est attaché, et sont
également configurées pour étre séparées du mé-
lange sur la base, au moins en partie, d’'une diffé-
rence de propriété physique entre les bulles ou billes
synthétiques enrichies auxquelles le matériau de va-
leur est attaché et le mélange, dans lequel le maté-
riau de valeur comprend des particules minérales,
et dans lequel le polymére ou le matériau a base de
polymére comprend une surface configurée avec un
polymére hydrophobe choisi dans un groupe con-
sistant en un polydiméthylsiloxane, des polysiloxa-
nates.

Appareil selon la revendication 1, dans lequel les
bulles ou billes synthétiques sont configurées pour
étre séparées du mélange sur la base, au moins en
partie, de la différence entre la taille des bulles ou
billes synthétiques enrichies auxquelles le matériau
de valeur est attaché par rapport a la taille d’'un ma-
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tériau indésirable dans le mélange.

Appareil selon la revendication 1, dans lequel les
bulles ou billes synthétiques sont configurées pour
étre séparées du mélange sur la base, au moins en
partie, de la différence entre le poids des bulles ou
billes synthétiques enrichies auxquelles le matériau
de valeur est attaché par rapport au poids d’un ma-
tériau indésirable dans le mélange.

Appareil selon la revendication 1, dans lequel les
bulles ou billes synthétiques sont configurées pour
étre séparées du mélange sur la base, au moins en
partie, de la différence entre la densité des bulles ou
billes synthétiques enrichies auxquelles le matériau
de valeur est attaché et la densité du mélange.

Appareil selon la revendication 2, dans lequel les
bulles ou billes synthétiques sont configurées de de
sorte que la taille des bulles ou billes synthétiques
soit supérieure a une taille maximale de particules
de minerai broyé dans le mélange ; ou

les bulles ou billes synthétiques sont configurées de
de sorte que la taille des bulles ou billes synthétiques
soit inférieure a une taille minimale de particules de
minerai broyé dans le mélange.

Appareil selon la revendication 2,

I'appareil comprenant en outre une colonne ver-
ticale ou un pipeline horizontal pour mettre en
oeuvre le processus de séparation, la colonne
verticale ou le pipeline horizontal étant configuré
avec un crible pour séparer du mélange les bul-
les ou billes synthétiques enrichies auxquelles
le matériau de valeur est attaché, sur la base,
au moins en partie, de la différence de taille ; ou
I'appareil comprenant en outre une colonne ver-
ticale ou un pipeline horizontal pour mettre en
oeuvre le processus de séparation, et un cyclo-
ne hydrocyclone,

la colonne verticale ou le pipeline horizontal
étant configuré pour

recevoir les bulles ou billes synthétiques dans
I’eau, recevoir du minerai broyé, et

fournir les bulles ou billes synthétiques dans
I'eau et le minerai broyé dans un mélange de
processus ; et

le cyclone hydrocyclone étant configuré pour re-
cevoir le mélange de processus,

séparer du mélange de processus les bulles ou
billes synthétiques enrichies auxquelles le ma-
tériau de valeur est attaché et le matériau indé-
sirable sous forme de stériles, et

fournir soit les bulles ou billes synthétiques en-
richies auxquelles le matériau de valeur est at-
taché, soit les stériles, en incluant la séparation
des stériles sous forme de particules de minerai
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qui ont une taille plus petite que les bulles ou
billes synthétiques enrichies auxquelles le ma-
tériau de valeur est attaché, et en incluant la
séparation des bulles ou billes synthétiques en-
richies auxquelles le matériau de valeur est at-
taché qui ont une taille plus grande que les par-
ticules de minerai ; ou

'appareil comprenant en outre une cuve de mé-
lange et soit un crible soit un cyclone hydrocy-
clone pour mettre en oeuvre le processus de
séparation,

la cuve de mélange est configurée pour recevoir
les bulles ou billes synthétiques et les particules
de minerai dans une barbotine, et pour fournir
les bulles ou billes synthétiques enrichies aux-
quelles le matériau de valeur est attaché et les
stériles ; et

le crible étant configuré pour séparer les bulles
ou billes synthétiques enrichies auxquelles le
matériau de valeur est attaché et les stériles ; ou
le cyclone hydrocyclone étant configuré pour sé-
parer les bulles ou billes synthétiques enrichies
auxquelles le matériau de valeur est attaché et
les stériles.

Appareil selon la revendication 6, dans lequel la co-
lonne verticale ou le pipeline horizontal est égale-
ment configuré pour séparer du mélange les bulles
oulesbilles synthétiques enrichies auxquelles le ma-
tériau de valeur est attaché en utilisant des flux a
contre-courant avec mélange, de fagon a

recevoir dans la colonne verticale ou le pipeline
horizontal du minerai broyé s’écoulantdans une
premiére direction,

recevoir dans la colonne verticale ou le pipeline
horizontal des bulles ou billes synthétiques en
barbotine s’écoulant dans une seconde direc-
tion opposée a la premiére direction,

fournir, a partir de la colonne verticale ou du pi-
peline horizontal, les bulles ou les billes synthé-
tiques enrichies auxquelles le matériau de va-
leur est attaché et s’écoulant dans la seconde
direction, et

fournir, a partir de la colonne verticale ou du pi-
peline horizontal, des stériles qui sont séparés
du mélange a l'aide du crible et qui s’écoulent
dans la seconde direction.

Appareil selon la revendication 6, dans lequel la co-
lonne verticale ou le pipeline horizontal est égale-
ment configuré pour séparer du mélange les bulles
ou billes synthétiques enrichies auxquelles le maté-
riau de valeur est attaché en utilisant des flux simul-
tanés avec mélange, de fagon a

recevoir dans la colonne verticale ou le pipeline
horizontal les bulles ou billes synthétiques dans
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I'eau s’écoulant dans une premiére direction,
recevoir dans la colonne verticale ou le pipeline
horizontal du minerai broyé s’écoulant dans la
premiére direction,

fournir, a partir de la colonne verticale ou du pi-
peline horizontal, des stériles qui sont séparés
du mélange a l'aide du crible et qui s’écoulent
dans la premiére direction, et

fournir, a partir de la colonne verticale ou du pi-
peline horizontal, les bulles ou billes synthéti-
ques enrichies auxquelles le matériau de valeur
est attaché et s’écoulant dans la premiere direc-
tion.

9. Appareil selon la revendication 3, dans lequel

les bulles ou billes synthétiques sont configu-
rées de sorte que le poids des bulles ou billes
synthétiques soit supérieur a un poids maximal
de particules de minerai broyé dans le mélange ;
ou

les bulles ou billes synthétiques sont configu-
rées de sorte que le poids des bulles ou billes
synthétiques est inférieur a un poids minimal de
particules de minerai broyé dans le mélange.

10. Appareil selon la revendication 3,

I'appareil comprenant en outre une colonne ver-
ticale ou un pipeline horizontal pour mettre en
oeuvre le processus de séparation, et un cyclo-
ne hydrocyclone, la colonne verticale ou le pi-
peline horizontal étant configuré pour

recevoir les bulles ou billes synthétiques dans
'eau,

recevoir du minerai broyé,

fournir les bulles ou billes synthétiques dans
I'eau et le minerai broyé dans un mélange de
processus ; et

le cyclone hydrocyclone étant configuré pour
recevoir le mélange de processus,

séparer du mélange de processus les bulles ou
billes synthétiques enrichies auxquelles le ma-
tériau de valeur est attaché et le matériau indé-
sirable sous forme de stériles ; et

fournir soit les bulles ou billes synthétiques en-
richies auxquelles le matériau de valeur est at-
taché, soit les stériles, y compris lorsque les bul-
les ou billes synthétiques enrichies auxquelles
le matériau de valeur est attaché se présentent
sous la forme de bulles ou billes synthétiques
enrichies qui sont plus lourdes que des particu-
les de minerai, et y compris lorsque les stériles
se présentent sous la forme de particules de mi-
nerai qui sont plus légéres que les bulles ou
billes synthétiques enrichies auxquelles le ma-
tériau de valeur est attaché ; ou

I'appareil comprenant en outre une cuve de mé-
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lange humide ou séche et soit un crible, soit un
cyclone hydrocyclone pour mettre en oeuvre le
processus de séparation,

la cuve de mélange humide ou seche étant con-
figurée pour recevoir les bulles ou billes synthé-
tiques et les particules de minerai dans une bar-
botine, et pour fournir les bulles ou billes syn-
thétiques enrichies auxquelles le matériau de
valeur est attaché et les stériles ; et

le crible étant configuré pour séparer les bulles
ou billes synthétiques enrichies auxquelles le
matériau de valeur est attaché et les stériles, y
compris en répondant a un gabarit pour la sé-
paration basée sur le poids ; ou

le cyclone hydrocyclone étant configuré pour sé-
parer les bulles ou les billes synthétiques enri-
chies auxquelles le matériau de valeur est atta-
ché et les stériles.

Appareil selon la revendication 4,

'appareil comprenant en outre une colonne ou
un pipeline etun séparateur a tambour ou a ban-
de pour mettre en oeuvre le processus de sé-
paration,

la colonne ou le pipeline étant configuré pour
recevoir les bulles ou billes synthétiques,
recevoir une barbotine de minerai broyé, et
fournir les bulles ou billes synthétiques et la bar-
botine de minerai broyé dans un mélange de
processus ; et

le séparateur a tambour ou a bande étant con-
figuré pour

recevoir le mélange de processus,

séparer les bulles ou billes synthétiques enri-
chies auxquelles le matériau de valeur est atta-
ché etle matériau indésirable sous forme de sté-
riles, et

fournir les bulles ou billes synthétiques enrichies
auxquelles le matériau de valeur est attaché et
les stériles.

Appareil selon la revendication 1, dans lequel la sur-
face comprend un revétement du polymeére hydro-
phobe.

Appareil selon la revendication 1, dans lequel seule
une partie de la surface des bulles ou billes synthé-
tiques est configurée pour étre hydrophobe.

Appareil selon la revendication 13, dans lequel une
autre partie de la surface des bulles ou billes syn-
thétiques est configurée pour avoir des molécules
attachées a celle-ci, les molécules comprenant un
groupe fonctionnel choisi pour attirer le matériau de
valeur dans le mélange, dans lequel les molécules
comprennent des collecteurs.
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